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APPARATUS FOR THE REMOTE MEASUREMENT OF PHYSICAL PARAMETERS 

. The invention relates to apparatus for the remote measurement 
5 of physical parameters in which the advantages of optical fibre cables 
and optical fibre sensors are exploited for use within the oil industry, 
particularly for use with remote subsea satellite wells and oil 
refinery stacks, and such that the sensors may be recovered and or 
replaced. 

10 

As oil and gas reserves have been consumed over the years, the 
extraction of the oil and gas has become increasingly more difficult 
under more demanding conditions. Accordingly, there is a need for the 
reserves to be more widely monitored to a higher quality than 

15 hitherto, and this is particularly so for oil and gas reserves which lie 
beneath the sea bed. Optical fibre sensors, together with optical 
fibre cables to link the sensor to the measurement instrumentation, 
are being developed for this purpose since they offer specific 
advantages, particularly in the ability to withstand extremes of high 

20 pressure and temperature, Furthermore, such optical fibre sensors 
may be of a structure and diameter similar to those of the optical 
fibre cable itself. There are specific advantages in being able to 
remove and replace a sensor for the purposes of calibration, repair, 
and enhancement, but this is notoriously difficult to do within the oil 

25 industry, particularly with subsea wells because of the harsh 
environmental conditions and the sometimes considerable distances of 
tens kilometres between the desired point of measurement at the 
bottom of a well and the point of use of the information at the 
production platform. In addition, the substantial demands made on the 

3 0 equipment involved in extracting oil and gas make it very difficult and 
expensive to solve measurement problems. Hence, it is very desirable 
for there to be apparatus which is capable of isolating the problems of 
measurement from all the other challenges of exploiting the oil or gas 
reserves, particularly if it is not necessary to Install the 

35 measurement system at the same time as the other equipment. 

The chemical Industry has a requirement to monitor discharges 
from stacks such as chimneys and pipes. In a typical processing site, 
many stacks will exist over many acres of ground, Currently, this 
40 monitoring is achieved by installing ladders and platforms on the 
outside of stacks, installing expensive equipment on the platforms, 
and sending trained personnel up the ladders to the platforms to 
perform measurements on a regular basis. An altogether better 
approach would be to have an apparatus which Is capable of isolating 



the problems of measurement from the challenge of getting people and 
equipment into the remote measurement location, particularly if it is 
not necessary to install the measurement system at the same time as 
the other equipment. 

5 

An aim of the present invention is to improve on known 
apparatus by simplifying the apparatus needed to install and retrieve 
an optical fibre sensor for the measurement of physical parameters, 
and a further aim is to do so with minimum disturbance to the other 
0 operations taking place during oil and gas production, 

According to a non-limiting embodiment of the present 
invention, there is provided apparatus for the remote measurement of 
physical parameters, comprising sensing means for sensing one or 
5 more physical parameters, instrumentation means for interrogating 
the sensing means and making a measurement, cable means for 
communicating between the sensing means and the instrumentation 
means, container means for containing the sensing means and the 
cable means prior to installation of the sensing means, container 
0 holder means for providing a support for the container means at a 
convenient location, channel means for providing a channel between 
the container holder means and a measurement location where the 
channel is suitable for accepting the cable means and the sensing 
means, channel connector means for making a channel connection 
between the container means and the channel means, and cable 
installation means for installing the sensing means and cable means 
from- inside the container means into the channel means and placing 
the sensing means at the measurement location. 

The apparatus may include power supply means for supplying 
power to the apparatus. 

The apparatus may Include container insertion means for 
inserting the container means into the container holder means so that 
the channel connection is made. 

The sensing means may be one or more optical fibre sensors. 
Preferably the sensing means may be of dimensions permitting the 
channel means to be a commonly available component. Also 
preferably, the optical fibre sensor may be of a structure and diameter 
comparable with those of the cable means. ' 

The instrumentation means may be such that a measurement may 
be recorded at the time of occurrence for use at a later time. The 
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instrumentation means also may be such that the measurement is 
transmitted to a receiver situated elsewhere using a non-contact 
method such as radio wave communication. 

5 The cable means may be one or more optical fibre cables 

containing one or more optical fibre waveguides. Preferably, the 

optical fibre cable may be one commonly used within the 
telecommunications industry. 

10 The container means may be a single unit or may be a plurality of 

units, each for the purpose of deploying embodiments of the sensing 
means. 

The container holder means may be such as to accommodate the 
15 container means as a single unit, or may be such as to accommodate a 
plurality of units for the purpose of deploying embodiments of the 
sensing means. 

The channel means may be one or more tubes with one or more 
20 cavities. Preferably, the channel means may be chemical injection or 
hydraulic tubing and, more preferably, the channel means may be 
commonly available quarter inch bore high pressure hydraulic tubing. 
The channel means may also be a natural cavity in the environment 
containing a guide such as a cable or a monorail or slotted rod. 

25 

The cable Installation means may use the force of gravity, or, 
preferably, may be power assisted using hydraulic pressure and or 
hydraulic drag forces. 

30 The power supply means may wholly reside within the container 

means. Alternatively, the power supply means may be located outside 
the container means, in which case there is further provided power 
connector means for making a power connection between the power 
supply means and the components of the apparatus inside the container 

35 means, where the power connection is made when the container means 
is located in the container holder means and the power connection is 
broken when the container means is removed from the container holder 
means, The power supply means may supply power in a combination of 
a variety of forms, such as electrical, magnetic, hydraulic, pneumatic 

40 and optical power. 

The container insertion means may be manual for applications 
where the container holder means is situated at a benign location. For 
other and more extreme environments, the container insertion means 
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may involve the use of automatic apparatus, such as subsea remote 
operated vehicles, for example when the container holder is situated 
on a sea bed. 

5 In an embodiment of the present invention, the apparatus is one 

in which the cable installation means includes cable removal means 
for removing the sensing means and cable means from inside the 
channel means back into the container means, the channel connector 
. means includes channel break means for breaking the connection 
10 between the container means and the channel means, and the container 
insertion means includes container removal means for removing the 
container means from the container holder so that the channel 
connection Is broken. 

is In an embodiment of the present invention, the apparatus is one 

in which the instrumentation means is contained within the container 
means. 

In another embodiment of the present invention, the apparatus is 
20 one in which the instrumentation means is situated outside the 
container means, and there is further provided communication means 
for connecting the cable means inside the container means to the 
instrumentation means. The communication means may include 
communication connector means for making a signal connection 
25 between the inside and the outside of the container means, where the 
signal connection is made when the container means is located in the 
container holder means and the signal connection is broken when the 
container means is removed from the container holder, 

30 In another embodiment of the present invention, the apparatus Is 

one in which the instrumentation means comprises an inside 
instrumentation means situated inside the container means and an 
outside instrumentation means situated outside the container means, 
and there is further provided instrumentation communication means 

35 for communicating between the inside Instrumentation means and the 
outside instrumentation means. The instrumentation communication 
means may include Instrumentation communication connector means 
for making an instrumentation connection between the Inside 
instrumentation means and the outside instrumentation means of the 

40 container means, where the instrumentation connection is made when 
the container means is located in the container holder means and the 
instrumentation connection is broken when the container means is 
removed from the container holder. 
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The apparatus may be such that the communication connector 
means may be combined with power supply connector means. 



5 Figure 1 is a diagram of an embodiment the present invention in 

which the instrumentation means and power supply means are 
contained within the container means; 

Figure 2 is a diagram of an embodiment of the present invention, 
]0 in which the power supply means and instrumentation means are 
externa! to the container means; 

Figure 3 is a diagram of an embodiment of the present invention 
in which details of the cable installation means are shown; 

Figure 4 is a diagram of an embodiment of the present invention 
with details of the cable installation means; 

Figure 5 is a diagram of an embodiment of the present invention 
20 with details of the cable installation means; 

Figure 6 Is a diagram of an embodiment of the present invention 
with details of the cable installation means; 

25 Figure 7 is a diagram of an embodiment of the present invention 

where more than one container means are installed in a single 
container holder means; 

Figure 8 is a diagram of an embodiment of the present invention 
30 where more than one container means are installed in a single 
container holder means; 

Figure 9 is a diagram of an embodiment of the present invention 
where more than one container means are Installed in a single 
35 container holder means; and 

Figure 10 is a diagram of an embodiment of the present invention 
detailing an aspect of the communication means, 

40 

With reference to Figure 1, a container means 4 contains sensing 
means 1, instrumentation means 2, cable means 3, cable installation 
means 9, and power supply means 10. The container means 4 is 
inserted with container insertion means 11 into container holder 
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means 5 which is situated at some convenient location in relation to a 
measurement location 7 where a measurement is to be made As the 
container means 4 is inserted into container holder means 5 channel 

s 6 and hi ™tP* 8 mak9S 3 Chann6 ' COnn6C,ion between channel means 
Lfwin f 00 ta, ? er m6anS 4 ' The channQl means 6 Prides a channel 

suitable o ^ acco n ml e d a ? 0,der ^ 5 and ,he ™*^™" Nation 
™ f0 ' f ccommodating sens.ng means 1 and cable means 3. With 

rZllT anS 4 ' 0Cated in COntainer h0,der ™*™ 5 such that the 
channel connection Is made, cable installation means 9 mav hi 
io operated so that sensing means 1 and cable means 3 are pass? I into 

Son 7 m9a Th 6 Unti ' SenSin9 means 1 reaches the mea erne 
location 7. The apparatus may then be used to measure the desired 

1%7,TJ 3nd , 6ither St ° re the result in instrumentation means 2 for 
^ter use, or transmit the result to an external receiver (where There 

15 ^LSL£T° m processing) using a form of ---- 

With reference to Figure 2, the container means 4 contains the 

9 Mn- T Kl 1 ' Cab ' 6 m6anS 3) 3nd the cab,e instanation means 
^1 ♦ T mSanS 4 iS inSerted usin 9 the container insertion 
means 11 mto the container holder means 5 which is situated at some 
convenient location in relation to the measurement location 7 As the 
container means 4 is inserted into container holder means 5 the 
channe connector means 8 makes the channel connection between the 
25 channe means 6 and the container means 4. A communications 
connector means 22 makes a connection between communication 
means 21 and the container means 4 where the communications means 
21 links the communications connector means 22 to the 
instrumentation means 2. The communication means 21 and 
30 communications connector means 22 also provide the power 
connection between the power supply means 10 and the container 
means 4. After the container means 4 has been inserted in the 
container holder 5 and the channel connection, and the communications 
connection, have been made, the sensing means 1 may be installed as 
35 described with reference to Figure 1, and the apparatus may then be 
used to measure the desired parameter. 

Figure 3 shows an embodiment of the present invention which 
utilises hydraulic power which may be provided by the power supply 
40 means 10. The hydraulic power is communicated to the container 
means 4 via the communication cable means 21 and communications 
connector means 22. The hydraulic power is used for deploying and or 
retrieving the sensor means 1 and cable means 3. 
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The container means 4 contains container hydraulic channel 
means 31, which preferably may be convenient size hydraulic tubing, 
which connect to the channel means 6 via the channel connector means 
8. The channel means 6 is preferably convenient size hydraulic tubing 
5 with a forward and return path to and from the measurement location 
7. The channel connector means 8 is preferably hydraulic "stab" 
connectors which seal the hydraulic path when the connection is 
broken. 

Valve means 32 are provided in the container to control the 
10 hydraulic flow, These are preferably hydraulic valves which may be 
controlled from signals communicated via the communication cable 
means 21. 

The cable installation means 9 includes a strength member 
means 33 strength member supply means 34, and a cable combination 
1 5 means 35 which combines the strength member means 33 and the 
cable means 3 to make a combined cable means 36. 

momhl! 19 s,ren 9* h 0 member su PPly means 34 may be a drum of strength 
member means 33 wound onto a spooler, which may be a motorised 
system such that the cable can be spooled out under a contZd ow 
to tension and/or spooled back under a controlled tension 

cavitv anVHf l m r b6r m6anS 33 may be a cable with an inte " a ' 
cavty and a slit wh.ch opens up as it passes over a wheel 37 The 

cable means 3 may be fed into the internal cavity on the wheel v? to 
form the combined cable means 36. 37 t0 

channI| h me?n S n 3? I*?*' T*™ 34 enters the container ^raulic 
box" i e 2 H ■ 9 u 9 m9anS 38 Which may be a stuffin 9 

minimum leakage deS ' Qn a "° WS th# cab,B ,0 be Du,,ed ^ wftS 

phh J?if- Cab 5 meanS 3 iS W0Und onto a cab,e s P° 0l9r ™ans 39. One 
end of the cable means 3 is passed through a sealing means 38 to tha 
cable combination means 35. 9 8 

The other end of the cable means 3 is connected to a rotarv 
connector means 40 which connects to the connector means 22 vTa a 
connectmg cable means 41. The rotary connector means TaltowJ the 
cable spooler means 39 to rotate (thus spooling the cable means tn o^ 

me LT&ZttT* ° ab,e m6anS 3 b9t ' 6en tbe 'awe spiole 
means 39 and the connector means 22. 

imn^. « m ™ b * r means 33 has a surface which offers 

J d S ° flu,d f,0w in hydraulic channels. This may be achieved 
with surface roughness, beads attached to the surface, or by adding 
fin 3 , if ?T 9 f ? ,hS Cable ^Wnatlon means 35. When hydraulic 

SLI 3 a ? d . af0Und the hydraulic P a,hwa y comprising the 
hydrauhc Imes in the communication cable means 21, the container 
hydraulic, channel means 31 and the channel means 6, this induces a 
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force on the combined cable means 35 thus deploying the combined 
cable means 36 along the channel means 6. 

Reversing the hydraulic flow either by suitable valves and 
hydraulic channels (not shown) in the container means 4 or by 
5 reversing the flow at or near the power supply means 10 (which may 
be on an oil or gas production platform) allows the sensing means to 
be recovered from the measurement location 7 into the container 
means 4. This recovery can be assisted by increasing the tension on 

.n ~L rength Tf mber supply means 34 such as 10 ke *P the combined 
10 cable means 36 in tension. 

Additional hydraulic forces can be generated by designing the 

Sprf r h^"f SUC 1 that " l S h0USed in a packa 9* < not sh °wn) which 
!,mlh. V m ,m P edan ce. The package (not shown) would have to be 

.3 ^e^S. W ° h ,hat " dW ^ C '"«"'««•» 

m a mh^ epl ° yment oo an b9 Simi,arly assis,ed b Y deploying the strength 
member means 33 around the channel means 6 and back to the 
container means 4 prior to combining the strength member means 33 

20 S2„mh ° T 3 " M6Chanica ' a PP ara,u ^"ot shown) may then gr S the 
20 strength member means 33 and apply tension 

means 22 without usin 7 Zl^J, ^ 8 be JOined 10 the connector 
Th« 7 . ■ l 9 a ro,ary conn ector means 40 (Figure 3) 
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Figure 5 shows an alternative method for repackaging the cable 

nrn h h XT nX ? ml ln this instance a windin 9 machine 61 is 
^ e ™ h J c \ rew ' nds ,h e cable means 3 without twisting the cable 
5 string or woof '" 9 metbods are com monly used in winding balls of 

m4anc Fi 9 u ™ 6 shows an alternative method for repackaging the cable 

ZTn J 7, Ur,ng re i r,eVa '' A Cab,e severin 9 means 71 Poured by a 
solenoid 72 or other convenient actuating means severs the cable 

Zll\TT 9 ,h9 CaWe m6anS 3 t0 b ° s P° oled ™° hHtreng h 
member spooler means 34. a 

Figure 7 shows an embodiment of the present invention where 
the conta.ner holder means 83 is such that a plurality of separate 
5 independent container means 4 are loaded. These contain? itSn? I 
may each be interconnected to the instrumentaJon me s 2 via ocal 
communication cable means 81, a master connector means 82 and a 
single commun cation cable mean* q Th* e « «„Lv " edr l s ana 3 

be ad*" m-n. 4 may 

two" contafne? means I £v ST™ 1 '° Cati0ns 7 is connec,ed to 

hydraulic lines The hvdraulk Z?i ^ 6 WNCh may Com P ris * 
92 Valves 93 ar« nn«22 , nes are conn ected with Y-junctions 

hydraunc path between th« T** ° rd ° r ,0 connect a c,osed -'°°P 

measurement locations 7 anri h^*? ♦2 mainer means 4 and thS 
again. I0cat,on s 7 and back to the same container means 4 
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1 

A support vessel (not shown) may retrieve the marker buoy ^03 
and send down a video pod (not shown) to the carrier 101 on one or 
more of the marker buoy cables 104 which may locate itself onto a 
marker buoy platform 105, The video pod (not shown) would inspect 
5 the installation and ensure that no cables were tangled and the 
installation is otherwise in order. 

The sensing means 1 from selected measurement locations 7 is 
retrieved into the appropriate container means 112. The chosen 
container means 112 are engaged onto the carrier 101 by the selection 
io mechanism 102 and the carrier 101 winched to the surface and hauled 
onto the ship using the . marker buoy cables 104. The lifting of the 
carrier 101 may be assisted by floatation means 106 which may be 
floatation bags or the carrier 101 may be deliberately buoyant 

m A8 «n-T e ° arrier 101 is wincned to the surface, container holder 
1 5 cables 107 are paid out from container holder cable spoolers 108 on 
the conta.ner holder means 5. The container holder cable spoolers 108 
may share a common drive. 

A cable 109, containing optical fibre and power, may be 
20 11 1 * rontr™ , Cable ™ ans 3 to the master connector means 
mLnc ? ™ nta,ner s P° oler 1 ™ attached to the outside of the container 
moans lit, 

With reference Figure 10, both ends of the cable 109 mav be 

^ sTlr i in & C T iner Sp ° 0,er 110 such that when the container 
25 spools 110 pays cable 109 out, both ends are paid out simultaneous^ 

cabe 3 109 9 a n r e ,he COn H iner S r ,6r 110 SP00,S in ' both ends n o°f 'e 
l?' e 109 are WOun d s.multaneously via the spooler quidina 

carriers tomZ^fTT °' SP °°' er * *° "™ ^ « K 
™ HnZ J. . ■ . lu d ' ,he cable enterin 9 int0 the container means 112 
30 does not twist. The container means 112 may therefore seal the entry 
of the cable at the container seal 122 and the cable 109 mav be 
connected to the cable means 3 via appropriate joining methods such 
llln Z S P ,C,ng ' 1 ,his i° inin 9 ^ing preferably carried out in the ship 
35 relfabilUy °" ^ ^ advanta 9 eousl V helps improve 

f,ni C h^ ith ref , erence ,0 Fi 9 ure 9. w hen servicing of the carrier 101 is 
Lihrf.A re P lac , ement of the sensin 9 "leans 1 is finished, and 
calibration of the sensing means 1 is finished, the carrier 101 is 

*n £ ^f* 10 ,he con,ai ™r holder means 5. The motion of the 
40 carrier 101 is controlled by the container holder cable spoolers 108 

rnnJ , T^ 0 ' means (not shown > from the ship which may include 
opes (not shown) connected between the ship and the carrier 101 
Location of the carrier 101 may be achieved by carrier location means 
m which may include passing the container holder cables 107 
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through guides (not shown) for approximate location, and a mating 
conical connection (not shown) for fine location. Once the carrier 101 
is located, channel connector means 8 and communication connect 
means 22 made, the sensing means 1 may be deployed. 

It is to be appreciated that the embodiments of the invention 
described above with reference to the accompanying drawings have 
been given by way of example only and that modifications and 
additional components may be provided to enhance the performance of 
the apparatus. 
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Figure 7 
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Figure 9 
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Figure 10 
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